ABSTRACT: Correlated responses in reproductive and carcass traits were studied in 181 litters and 218 pigs from a line of Landrace pigs selected six generations for increased weight at 70 d of age and a contemporaneous, randomly selected control line. The reproductive and maternal traits studied included litter sizes born, born alive, and alive at 21 d and litter weight at birth and at 21 d. Carcass traits studied were carcass length, longissimus muscle area, average backfat thickness, 10th-rib backfat thickness, specific gravity, weights of closely trimmed ham, loin, and shoulder, belly weight, subjective scoring of the longissimus muscle for color and marbling, estimated percentage of muscle, and lean gain per day. f .00027, and -.lo2 f .048 kg, respectively, per generation. Color score and lean gain per day increased .046 f .021 points and .0032 f .0013 kg/ d, respectively, each generation in response to the selection. Because the estimated percentage of muscle in the carcass was similar between the select and control lines (P > .lo), the increased lean gain per day, therefore, was because of changes ( P < .051 in age at 100 kg (-3.407 f 1.04 d per generation) and was not related to improvements in carcass composition.
Introduction
Selection for increased weight at an age or for postweaning ADG has been effective and has resulted in pigs that gain more rapidly (Craig et al., 1956;  Rahnefeld and Garnett, 1976; Fredeen and Mikami, 1986a Jungst, 1990, 1991a,b) . However, developing an effective selection program requires an understanding of the J. Anim. Sci. 1992. 70:372-378 magnitude and direction of correlated responses to selection. In addition, observation of correlated responses can lead to a better understanding of the biology of the pig and also to novel approaches in the manipulation of the pig to maximize productivity. Correlated responses in physiological traits (Baird et al., 1952) and in growth hormone levels (Arbona et al., 1988) resulting from selection for increased weight at a n age have been reported. Similarly, correlated responses in reproductive and carcass traits to selection for postweaning ADG (42 d to 90 kg) have been evaluated (Garnett and Rahnefeld, 1978; Rahnefeld et al., 1983; Fredeen and Mikami, 1986b,c) . However, there is no known information on the correlated responses to selection for heavier weight at 70 d of age in pigs. Therefore, the objective of this study was to estimate the correlated responses in repro- 
Materials and Methods
Source ofData. The experiment was conducted at the swine breeding unit of Auburn University from 1981 to 1987. The foundation stock for the study was offspring from a recent importation of purebred Landrace pigs from Sweden purchased in the fall of 1979. Subsequent to this introduction, the population was closed to outside introductions and used in a study that was conducted to obtain the heritabilities of growth and backfat thickness at two different weights (Kuhlers and Jungst, 19831 . The base generation (Generation 0) of pigs was farrowed in 1981. From the base population and in each subsequent generation, five boar pigs, one from each sire line, were randomly selected at weaning to sire the next generation of control line pigs. Likewise, in each generation a gilt from each control line litter was randomly selected at weaning to produce the next generation of control line pigs. In the select line, 9 boars and 18 gilts along with 9 alternate gilts with the heaviest 70-d weights were selected from each generation, without regard to the pedigree of the individual, to produce the next generation of select-line pigs. In each of the succeeding generations, all replacement boars and gilts were selected from their respective lines, and no matings were made across lines. The generation interval was 13 mo. At the end of six generations of selection the difference between the select and control lines was 4.6 kg (Kuhlers and Jungst, 19901. Pigs were farrowed in a central farrowing house and moved to an open-fronted, sow-pig nursery at 10 to 14 24 h at 2OC, the following carcass data were collected: carcass length, average midline backfat thickness (average of first rib, last rib, and last lumbar vertebra measurements), backfat thickness at the loth rib at a point three-fourths of the distance down the longissimus muscle toward the belly, longissimus muscle area at the 10th rib, subjective marbling and color scores of the longissimus muscle (scale of 1 to 5, where 1 was devoid of marbling or pale color), weight of the closely trimmed ham, loin, and shoulder, and specific gravity of the right side of the carcass. Percentage of muscle and rate of lean growth were estimated using the following equations reported by the NPPC ( Lean gain/day = .286 + .OO2(hot carcass weight, kg) + .00063aongissimus muscle area, cm21 -.016009(10th rib backfat thickness, cml -.00145(age in days). Days to 100 kg for the barrows slaughtered were adjusted by using the following equation reported by the NSIF (19871: Adjusted days to 100 kg = age + (100 -weight) R Statistical Analyses. Litter size and litter weight traits were analyzed with a model that included the effects of generation-line (GLI and sire of the litter/GL. These traits were considered as traits of the sow and were measured on gilts that were farrowed and selected from Generations 0 through 5 . A total of 181 litters was farrowed ( Table 1) . The carcass traits were analyzed with a model that included the effects of GL, sire/GL, dam/sire/GL, and the continuous variable, hot carcass weight (Harvey, 1987) . Preliminary analyses using the same model and the regression of the trait on hot carcass weight within selection line, instead of the pooled regression coefficient, did not result in significant differences in the estimates of response to selection. Therefore, the regression pooled across lines was used in the final analyses. A total of 218 carcasses was studied ( Table 1) . Cumulative selection differentials were calculated by deviating each selected individual from its generationline-sex subclass for 70-d weight and adding it to the average cumulative selection differential of the individual's parents. Individual cumulative and population along with a covariate on generation of selection or on weighted cumulative selection differentials (WCSD). The population effect was included in the model because the gilts from the select line were the heavier gilts from the line and not a random sample and, therefore, it was assumed that the gilts were from a population different from that of the randomly selected control line gilts. Because precise estimates of the heritabilities for the correlated traits were not available, the standard errors for the least squares means and regression coefficients did not account for genetic drift and, therefore, are probably biased downward. Co-heritabilities between 70-d weight and the correlated traits were calculated by multiplication of the regression coefficients of correlated responses on WCSD by the ratio of the phenotypic standard deviations of 70-d weight to the correlated trait on which the coheritability was calculated. The co-heritabilities are equal to h+~hi, where h70 and hi are the square roots of heritability for 70-d weight and for the correlated trait, respectively, and rA is the genetic correlation between 70-d weight and the correlated trait (Yamada, 1968) . Standard errors of these co-heritabilities have not considered genetic drift variance because precise heritabilities for the correlated traits were not available.
Results and Discussion
Total WCSD for 70-d weight was 30.2 kg. This corresponds to a standardized WCSD of 6.11 phenotypic standard deviations. Realized heritability was .13 f .06, and the change per generation was estimated to be .65 f .29 kg (Kuhlers and Jungst, 1990) .
The generation-line means for the litter sizes and litter weight traits are given in Table 2 . For each generation, litter size born and litter weights at birth and at 21 d in the select line were consistently larger and heavier than those from the control line. However, the regression coefficients of these three reproductive and maternal traits on generation and WCSD were not significantly different from zero ( Fredeen and Mikami (1986b1, who noted that litter size born alive and litter weight at birth had statistically significant negative phenotypic trends over years. The co-heritability in the present study for litter size at 21 d was .09 k .03, which is similar to the average heritability found for litter size at weaning a m b e r s o n , 1990). However, the additional pigs produced at 21 d by the select line did not result in heavier litter weights at 2 1 d (P > .lo). Lilrewise, the regression coefficients for litter birth weight on generation and WCSD were not significantly different from zero.
Least squares means for age at 100 kg in the pigs that were slaughtered for carcass evaluation and the carcass traits are presented in Tables 4,5 , 6, and 7. Th e differences in carcass traits between the lines for each generation were mixed, but, in general, carcass length, specific gravity, ham weight, and percentage of muscle for the pigs from the control line were greater than those from pigs Table 4 . Least squares means for days to 100 kilograms in the pigs used for carcass evaluation from the select line, whereas pigs from the select line had higher 10th-rib backfat thickness, belly weight, and color score than those from the changes in WCSD. The co-heritabilities associated with these traits were -.04, -.14, .06, and .11, for length, ham weight, color score, and lean gain per day, respectively. Longissimus muscle area, average backfat thickness, 10th-rib backfat thickness, loin weight, shoulder weight, belly weight, marbling score, and percentage of muscle did not change significantly in response to selection for 70-d weight.
The results of the present study on average backfat thickness and color scores agree with those of Rahnefeld et al. (1983) . However, they reported that longissimus muscle area of the pigs in the select line decreased compared to those in the control line, a result contrary to that of the present study. Also, the results of the present study do not agree with the results of Fredeen and Mikami (1986~1, who noted that predicted lean yield increased in the pigs selected for growth for nine generations. Differences in correlated responses in the carcass traits between the present study and those reported by Rahnefeld et al. 
